US006888087B2
a2 United States Patent (10) Patent No.: US 6,888,087 B2
Takeyama 45) Date of Patent: May 3, 2005

(54) WIRE ELECTRIC DISCHARGE MACHINE (56) References Cited

(75) Inventor: Naotake Takeyama, Yamanashi (JP) U.S. PATENT DOCUMENTS

4383160 A * 5/1983 ODbAIa ..oovevvveverreenn. 219/69.12
(73) Assignee: Fanuc LTD, Yamanashi (JP) 5,077,457 A * 12/1991 Onaka et al. ............ 219/69.12
6,698,639 B1 * 3/2004 Otomo et al. .............. 226/97.4
( * ) Notice: Subjec‘[ to any disclaimer, the term of this 6,787,727 B2 * 9/2004 Yamada et al. .......... 219/69.12
patent 1s extended or adjusted under 35 FORFIGN PATENT DOCUMENTS
U.S.C. 154(b) by 55 days.
P 3013904 B2 * 2/2000 ... B23H/7/10
IP 2002-028825 1/2002
(21)  Appl. No.: 10/662,305 Ip 2002-126951 5/2002
IP 2002-137124 572002

(22) Filed:  Sep. 16, 2003

* cited by examiner

(65) Prior Publication Data _ |
Primary Fxaminer—M. Alexandra Elve
US 2004/0060907 Al Apr. 1, 2004 (74) Attorney, Agent, or Firm—Staas & Halsey LLP
(30) Foreign Application Priority Data (57) ABSTRACT
Sep. 305 2002 (J P) ....................................... 2002-287096 Automated wire connection 1s performed? and when the wire
(51) Int. Cl. B23K 1/00 connection succeeds, the wire feed rate during the next
G e, | . connection is set fo a value one stage faster. On the other
(52) US.ClL ., 219/69.12; 221194/66951115, hand, when connection fails the wire feed rate is set to a
' value one stage slower.
(58) Field of Search .......................... 219/69.12, 69.11, >
219/69.15 10 Claims, 6 Drawing Sheets
AUTOMATED

CONNECTI ON
PROCESSING

- AUTOMATED CONNECTION

101 PROCESSTNG

Yes

102 CONNECTION FAILURE?

No

SET WIRE FEED RATE TO l

MODE 1 STAGE SLOWER

AUTOMATED CONNECTION 105
PROCESSING

104

UCCESS/FAILUR
|GNAL RECE[VED?

106

ey

SET WIRE FEED RATE TO SET WIRE FEED RATE TO 107
MODE 1 STAGE FASTER MODE 1 STAGE FASTER

‘ RETURN )

103




U.S. Patent May 3, 2005 Sheet 1 of 6 US 6,888,087 B2

FIG. 1 1 0
11 |
cPU
| 2
1 6
MEMORY RESPECTIVE
AXIS CONTROL

DDIESVP|LCAEY 7 POWER SUPPLY -
| I CIRCUIT
.14 |
- INPUT i AUTOMATED
| MEANS ' CONNECT | ON 23
' 15 INPUT/QUTPUT | DEVICE
RECORDING | CIRCUIT ' WIRE > 4
MED!A INTERFACE . ELECTRODE
| | FEED DEVICE

» (OTHER PERIPHERAL
EQUI PMENT

|
|
|
l
|
|
: I3 CIRCUI TRY
|
|
|
|
|

-/

FIG. 2

SHAPE 1

SHAPE 2

H1 (x1, y1) H2 (x2, y2)
H4 (x4, y4)

SHAPE 3 SHAPE 4



U.S. Patent May 3, 2005 Sheet 2 of 6 US 6,888,087 B2

FIG. 3

v

ROUGHING

SHAPE 1 | CONNECTION 1 | CONNECTION 5

SHAPE 2 | CONNECTION 2 | CONNECTION 6

FINISH
MACHINING

SHAPE 3 | CONNECTION 3 | CONNECTION 7

SHAPE 4 | CONNECTION 4 | CONNECTION 8

FIG. 4

AUTOMATED
CONNECTION
PROCESS NG

101 | AUTOMATED CONNECT!ON
PROCESS | NG

Yes

102 CONNECTION FAILURE?

No

SET WIRE FEED RATETO |
| | MODE 1 STAGE SLOWER

AUTOMATED CONNECT|ON
PROCESSING

UCCESS/FAILUR

|GNAL RECEIVED?

105

106
NoO

SET WIRE FEED RATE TO SET WIRE FEED RATE TO
MODE 1 STAGE FASTER L_ MODE 1 STAGE FASTER

RETURN

103 107




U.S. Patent

FIG. 5

May 3, 2005 Sheet 3 of 6

AUTOMATED
CONNECT ION
PROCESSING

CURRENT

US 6,388,087 B2

N
201 POS| T10N=STORED 0
051 T10N?
Yes
oy, | SET WIRE FEED RATE T
MODE 1 SATAGE FASTER
203 CLEAR STORED POSITION
204 AUTOMATED CONNECT I ON
PROCESS | NG
CONNECTION Yes ]
205 FAILURE? —
Cfe—Cf+1 213
No
SET WIRE FEED RATE
206 | Cs—Cs+1 TG MODE 1 STAGE 214
SLOWER
207 AUTOMATED CONNECTION| ..
. 18s PROCESS I NG

212

SET WIRE FEED

RATE TO MODE 0.5

STAGE FASTER

216

CCESS/FAILUR No

GNAL RECEIVES

Yes
208

217 "
STORE POSITION @

210

SET WIRE FEED
RATE TO MODE 1
STAGE FASTER

RETURN

SET WIRE FEED
RATE TO MODE 1

STAGE FASTER

218




U.S. Patent May 3, 2005 Sheet 4 of 6 US 6,888,087 B2

FIG. 6

AUTOMATED

CONNECT I ON
PROCESS ING

30] READ TABLE T

306
"REVIOU

Yes Yes

CURRENT

302 . CONNECTION RESULT
0SITION STORED s [LURE?
No 307 No 315
q03 | AUTOMATED CONNECTION SET WIRE FEED RATE SET WIRE FEED RATE
PROCESSING TO MODE | STAGE TO MODE 1 STAGE
FASTER SLOWER |
Yes _ '
304 <rarra o AUTOMATED CONNECTION] .
PROCESS | NG
N o
309
ONNECT10 No
QESULT FA!LUR

Yes

STORE CURRENT
POSITION, WIRE FEED
RATE STAGE, AND 310
CONNECTION FAILURE
INFORMATION IN TABLE

SET WIRE FEED RATE
TO MODE 1 STAGE 311
SLOWER

AUTOMATED CONNECTION 312
PROCESSING

| GNAL RECEIVED?

l
l
<:::> I 313

305 STORE CURRENT Yes
POSITION, WIRE FEED
RATE STAGE. AND SET WIRE FEED RATE
CONNECTION SUCCESS TO MODE 1 STAGE 314
INFORMATION IN TABLE FASTER

RETURN



FIG. 7
AUTOMATED
CONNECT I ON
PROCESS I NG
401 READ TABLE
407 CURRENT Yes
205! TION STOREL
| No
403 | AUTOMATED CONNECTION
PROCESS I NG
404 CONNECT I ON~~_' &S
RESULT FAILUR
No
413
STORE CURRENT
405 | POSITION. WIRE FEED

RATE STAGE, AND
CONNECTION SUCCESS
INFORMATION IN TABLE

RETURN

407

Sheet 5 of 6

406

CONNECTION RESULT

DEVICE. SET WIRE
FEED RATE ACCGRDING
TO PAST
SUCCESSES/FAILURES

AUTOMATED CONNECT | ON
PROCESSING

Yes

408

DEVICE, SET WIRE
FEED RATE ACCORDING
TO PAST

SUCCESSES/FA!ILURES

US 6,388,087 B2

<O
- Yes

STORE CURRENT
POSITION, WIRE FEED
RATE STAGE,
CONNECTION FAILURE

INFORMATION IN TABLE

SET WIRE FEED RATE
TO MODE 1 STAGE

SLOYWER

AUTOMATED CONNECTION
PROCESSING

1

410

411

412

ONNECT 1 Oh

AESULT FAILUR

Yes

SET WIRE FEED RATE
TO MODE 1 STAGE

FASTER

414



U.S. Patent May 3, 2005 Sheet 6 of 6 US 6,888,087 B2

FIG. 8

THAOUGH-HOLE WIRE FEED RATE STAGE | SUCCESS(0)/FAILUREC1)
POS| TION
KT

L (x2, y2)
3)

(x 3, vy

KR

IIII —l

FIG. S
T2

THggg?#;‘:ﬁLE SUCCESS(0) /FAILURE())
T T T
KT C KA




US 6,583,087 B2

1
WIRE ELECTRIC DISCHARGE MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to wire electric discharge machine,
and 1n particular to wire electric discharge machine com-
prising an automated wire connection device.

2. Description of the Related Art

In wire electric discharge machine which comprises an
automatic wire connection device, and which uses the auto-
matic wire connection device to automatically pass a wire
clectrode through a through-hole which i1s a machining
initiation hole 1n the workpiece, and to automatically con-
nect the wire electrode, the success rate and operation time
of wire connection by the automated wire connection device
oreatly affect the efficiency of wire electric discharge
machining operations. Hence methods have been proposed
in which, by setting the thickness of the workpiece for
machining, the diameter and material of the wire electrode
and other conditions, and selecting the wire feed rate during
wire connection to be a speed suited to these conditions, the
time for automated wire connection operations can be
shortened, and 1n the event of failure of wire connection, the
wire feed rate can be reduced to reliably perform wire

connection (for example, Japanese Patent Application Laid-
open No. 2002-126951).

In addition, methods which improve the efficiency of the
automated wire connection operation are known, such that,
when performing automated wire connection, either a first
mode 1n which the nozzle of an upper wire-guide device 1s
brought into contact with the workpiece for machining or a
second mode 1n which the nozzle is located apart from the
workpiece 1s set; and 1f the first mode 1s applied, a wire feed
rate 1s selected which gives priority to shortening the wire
connection time, and wire connection 1s performed, and 1if
the second mode 1s applied, a wire feed rate 1s selected
which gives priority to the success rate of wire connection,

and wire connection is performed (for example, see Japanese
Patent Application Laid-open No. 2002-137124).

In addition, methods are known which, when wire con-
nection fails, switch the wire feed rate to a slower rate when
again performing wire connection, to 1improve the connec-

tion success rate (for example, see Japanese Patent Appli-
cation Laid-open No. 2002-28825).

As described above, 1n the prior art the wire feed rate
during wire connection 1s determined according to the
conditions set, and by reducing the wire feed rate when wire
connection fails and again attempting wire connection, to
shorten the time for wire connection operations while also
increasing the success rate of wire connection, the efficiency
of wire connection operations using an automated connec-
tion device can be 1improved.

™

In wire discharge machining, there are cases in which a
single workpiece 1s machined into a plurality of machining
shapes, and 1n order to perform machining a wire must be
passed through a wire through-hole, which 1s a machining
nitiation hole, provided for each machining shape.

Further, when performing discharge machining a number
of times on the same machining shape as 1n roughing and
finish machining, after performing roughing of the same
machining shape, normally there are few cases in which
finish machining 1s immediately performed; usually, after
performing roughing i1nto a machining shape of all
workpieces, finish machining i1s performed one or more
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times for each machining shape m sequence. In this case,
cach time roughing and finish machining 1s performed for

cach machining shape, the wire connection operation, in
which a wire electrode 1s passed through a through-hole,
must be performed.

In such cases, the fraction of the total wire electric
discharge machining operation accounted for by wire con-
nection operations increases, and so there 1s a need to
improve the efficiency of these operations.

SUMMARY OF THE INVENTION

A first aspect of wire electric discharge equipment of this
invention comprises an automated connection device which
automatically performs connection processing of the wire
clectrode with respect to a wire through-hole and judges
whether the automated wire connection 1s successtul or not,
and means for increasing by a prescribed amount the wire
feed rate in the next operation when the previous wire
connection by automated connection has been successtul,
and for causing automated connection to be performed.

This aspect can take the following embodiments.

The amount of increase of the wire feed rate 1s adjusted
according to the result of the judgment as to whether
automated wire connection has been successtul or not 1n a
plurality of previous attempts.

The amount of increase of the wire feed rate 1s made to
differ depending on whether the next connection position 1s
the same as, or different from, the previous connection
position.

When the previous judgment result indicates that wire
connection has failed, the wire feed rate 1n the next wire
connection attempt 1s reduced.

The amount of this reduction of the wire feed rate 1s
adjusted according to the result of judgment as to whether
automated wire connection has been successful in a plurality
of previous attempts.

The amount of this reduction of the wire feed rate 1s made
to differ depending on whether the next connection position
1s the same as, or different from, the previous connection
position.

A second aspect of wire electric discharge equipment of
this 1nvention comprises an automated connection device
which automatically performs connection processing of the
wire clectrode with respect to a wire through-hole and
judges whether the automated wire connection 1s successtul
or not; storage means for storing wire feed rate information
during wire connection at a through-hole and wire connec-
tion judgment results 1nformation in correspondence with
through-hole position information; and means for increasing
the wire feed rate during the next wire connection attempt
when the previous judgment result for the same through-
hole 1ndicates successiul wire connection.

This aspect can take the following embodiments.

The amount of increase of the wire feed rate 1s adjusted
according to the result of the judgment as to whether
automated wire connection has been successtul or not 1n a
plurality of previous attempts, stored by the storage means.

When the previous judgment result indicates that wire
connection has failed, the wire feed rate 1n the next wire

connection attempt 1s reduced.

The amount of this reduction of the wire feed rate 1s
adjusted according to the result of judgment as to whether
automated wire connection has been successful or not 1 a
plurality of previous attempts.

This invention comprises the above configurations, and so
enables 1improved efficiency of wire connection operations
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particularly when machining a single workpiece 1 a plu-
rality of machining shapes.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-described and other objects and features of this
invention will be clear from explanations of working
examples given below, referring to the following drawings.

FIG. 1 1s a block diagram of main portions of the wire
electric discharge equipment according to an aspect of this
mvention;

FIG. 2 1s a drawing which explains examples of wire
clectric discharge machining;

FIG. 3 1s an explanatory diagram showing an example of
the order of machining and the order of connection in the
wire electric discharge machining shown 1n FIG. 2;

FIG. 4 1s a flowchart of automated connection processing
in a first embodiment of the mvention;

FIG. 5 1s a flowchart of automated connection processing
in a second embodiment of the invention;

FIG. 6 1s a flowchart of automated connection processing,
in a third embodiment of the invention;

FIG. 7 1s a flowchart of automated connection processing,
in a fourth embodiment of the invention;

FIG. 8 1s an explanatory diagram of a table used 1n the
automated connection processing of FIG. 6; and,

FIG. 9 1s an explanatory diagram of a table used i the
automated connection processing of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a block diagram of main portions of the wire
clectric discharge equipment according to an aspect of this
invention, and 1s centered on a control unit 10 comprising a
numerical control device or similar which controls the wire
electric discharge equipment. This control unit 10 comprises
a processor 11, memory 12 constituted by ROM or RAM, a
display device 13, a keyboard or other input means 14, an
interface 15 to input or output a machining program or
similar from external storage media, respective axis control
circuitry 16 for each axis, an input/output circuit 17, and
similar, connected to the processor 11 via a bus 18.

The respective axis control circuitry 16 controls motors
which respectively drive the X axis and Y axis which drive
a table on which the workpiece 1s placed 1n the orthogonal
X and Y axes directions, a Z axis which moves an upper
ouide 1n the direction orthogonal to the X and Y axes, and
orthogonal U and V axes used for taper machining. Further,
the respective axis control circuitry 16 comprises feedback

control means or similar to feed back the position, speed,
and current for each of the axes (X, Y, Z, U, V).

Each of the respective axis control circuitry 16 1s con-
nected to the axis servo motor 25 via the servo amplifier 21
for the respective axes. A position/speed detector 1s mstalled
in each servo motor, configured to feed back the position and

speed to the respective axis control circuitry 16; however,
this 1s omitted 1n FIG. 1.

The mput/output circuit 17 1s connected to a power supply
circuit 22 to apply a voltage to the workpiece of the wire
clectric discharge equipment and cause discharge, to an
automated connection device 23 to pass a wire electrode
through a through-hole which 1s a machining initiation hole
in the workpiece, to a wire electrode feed device 24 to feed
the wire electrode, and to other peripheral equipment.

The above-described configuration of wire electric dis-
charge equipment 1s not different from the configuration of
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conventional well-known wire electric discharge equipment.
This invention utilizes the hardware of conventional electric

discharge equipment to add new functions.

FIG. 2 1s an explanatory diagram of examples of machin-
ing of a workpiece W 1nto a plurality of machining shapes
using such wire electric discharge machine. In this example,
the workpiece W 1s machined into the shapes, as seen from
above the workpiece W (in the XY plane), of a rectangular
machined shape 1, a triangular machined shape 2, a trap-
ezoldal machined shape 3, and a circular machined shape 4.
The solid lines shown in FIG. 2 indicate cutting positions
machined by electric discharge machining; the dashed lines
signify routes of fast-feed relative motion of the upper and
lower guide positions (wire electrode position) with respect
to the workpiece W.

In each of the machining shapes 1, 2, 3, 4, through-holes
H1, H2, H3, H4, through which the wire electrode 1s passed
at the start of machining, are formed in the XY plane at

coordinates (x1,yl), (x2,y2), (x3,y3), (x4,y4).

FIG. 3 1s an explanatory diagram showing an example of
the order of machining 1nto each shape shown in FIG. 2. It
1s assumed that a machining program has been created in
which, first, roughing into the machining shapes from 1 to 4
1s performed 1n order, and then finish machining 1s per-
formed 1n order from machining shape 1 to machining shape

4.

In this case, first the automated connection device 23
moves the workpiece by fast-feeding to and positioned at the
position (x1,yl) of the through-hole H1, which is the
machining initiation hole for the machining shape 1, 1n order
to pass the wire electrode through the hole; the position
(x1,y1) is made to face the upper and lower guides, and the
wire electrode 1s automatically connected. After the comple-
fion of connection, roughing of the machining shape 1 by
wire electric discharge machining i1s performed. When
roughing of this shape ends, wire-breaking is performed, and
the workpiece W 1s moved by fast-feed to the position
(x2,y2) of the through-hole H2 of the next machining shape
2, and 1s positioned such that this position faces the upper
and lower guides. Then automated connection through the
through-hole H2 for this machining shape 2 1s performed,
and roughing of the machining shape 2 is performed. Simi-
larly thereafter, positioning at the positions of the through-
holes H3 and H4 for the other machining shapes and
automated connection are performed, and roughing opera-
tions are performed automatically. When roughing of all the
machining shapes ends, positioning at the positions of the
through-holes H1, H2, H3, H4 for each of the machining
shapes and automated wire electrode connection are again
performed 1n order to perform finish machining in order
from machining shape 1; the operations of finish machining,
wire-breaking, and positioning at the through-hole of the
next machining shape are repeated.

First Embodiment

FIG. 4 1s a flowchart of processing 1n a first embodiment
of the invention, executed by the processor 11 of the control
device 10 when an automated connection instruction 1s read
from a machining program. The processor 11 reads a
machining program stored in memory 12 and executes the
program sequentially. Below, the machining shown 1n FIG.
2 1s explained for an example of programming so as to
perform machining in the machining order shown 1n FIG. 3.

First, in order to machine the workpiece into machined

shape 1, the workpiece W 1s moved and positioned such that
the position (x1,yl) of the through-hole H1, which is the
machining initiation hole for the machining shape to be
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machined, faces the upper and lower guides. Next, an
automated connection instruction 1s read from the machining
program, and so the processor 11 outputs an automated
connection instruction to the automated connection device
23, and also performs driving control of the wire electrode
feed device 24 so as to supply the wire electrode at an
initially set wire feed rate (step 101).

The automated connection device 23 executes automated
connection processing similarly to the prior art, and trans-
mits information relating to the connection result (a con-
nection success/failure signal) to the control device 10. If the
processor 11 judges that the connection success/fallure sig-
nal sent from the automated connection device 23 indicates
successful connection (step 102), the wire feed rate for the
next automated connection via a through-hole 1s updated and
set to a wire feed rate faster by a prescribed amount than the
current wire feed rate (step 103).

On the other hand, the processor 11, on judging that the
connection success/failure signal indicates connection
failure, updates and sets the wire feed rate for the next
automated connection via a through-hole to a wire feed rate
slower by a prescribed amount than the current wire feed
rate (step 104). The wire electrode feed device 24 is driven
at this wire feed rate, and an automated connection instruc-
tion is outputted to the automated connection device 23 (step
105). The automated connection device 23 executes auto-
mated connection processing at a wire feed rate slower by
the prescribed amount than in the previous processing, and
fransmits a connection success/failure signal to the control
device 10. When the connection success/failure signal 1s sent
(step 106), the processor 11 increases the wire feed rate by
the prescribed amount, returning to the original wire feed

rate (step 107).

On having outputted a connection instruction a set num-
ber of times to the automated connection device 23 and
having received a connection failure signal a set number of
times, the processor 11 of the control device 10 judges that
wire connection via the through-hole H 1s impossible, and
does not perform machining of the shape, but positions the
workpiece W at the through-hole position for the next
machining shape.

In the first embodiment shown 1n FIG. 4, 1t 1s assumed that
the cause of the failure at a through-hole at which wire
connection fails 1s not likely to apply to the cases of wire
connection at other through-holes, and so the wire feed rate
1s returned to the original wire feed rate regardless of
whether automated connection results for a plurality of
automated connection 1nstructions indicate connection suc-
cesses or connection failures. However, when 1t 1s conceiv-
able that the cause of failure at a through-hole at which
connection 1s failed 1s applicable to the cases of wire
connection at other through-holes also, a method may be
employed 1n which the wire feed rate 1s returned to the
original rate when automated connection has succeeded, but
when connection has failed the rate 1s not returned to the
original wire feed rate, and during the next automated
connection, automated connection 1s performed at a wire
feed rate which is one stage slower (slower by a prescribed
amount). In this case, in step 106 connection success or
failure 1s judged, and 1f success 1s judged, execution pro-
ceeds to step 107, but if failure 1s judged, the automated
connection processing ends without performing the process-
ing of step 107, and execution returns to the main program.

In this way, if automated connection of the wire at a given
through-hole succeeds once, during automated connection at
the next through-hole H the wire feed rate 1s made faster by
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6

one stage (prescribed amount), so that the automated con-
nection time can be shortened.

Second Embodiment

FIG. 5 1s a flowchart of processing 1n a second embodi-
ment of this invention, executed by the processor 11 of the
control device 10. In this second embodiment, when con-
nection 1s performed at the same position as the previous
connection position, that 1s, when the same shape 1is
machined two times 1n succession, the wire feed rate 1s
further increased to perform connection for the second
machining, and the wire feed rate during automated con-
nection 15 decided according to past connection successes
and failures.

On reading an automated connection instruction from the
machining program, the processor 11 judges whether the
current position (X and Y axis coordinates) coincides with a
stored position or not (step 201), and if there 1s no
coincidence, clears the stored position (step 203), outputs an
automated connection 1nstruction to the automated connec-
tion device 23, and drives the wire electrode feed device 24
at the currently set wire feed rate (step 204). The processor
11 then judges whether a connection success/failure signal
has been inputted from the automated connection device 23
or not (step 205), and if the signal indicates connection
success, adds 1 to a counter Cs which counts the number of
consecutive successes (step 206). This counter Cs, and a
counter Cf described below which counts the number of
consecutive connection failures, are each set to “0” as 1nitial
settings when the power 1s turned on.

Next, a judgment 1s made as to whether the value of the
counter Cf which counts the number of consecutive con-
nection failures is equal to or greater than a preset value (in
FIG. §, the preset value 1s “27) (step 207); if less than the
preset value “2”, the counter Cf is cleared (step 208), the
position of the through-hole (X and Y axis coordinates) is
stored (step 209), and the wire feed rate setting is raised one
stage. That 1s, the rate 1s set to a value faster by a prescribed
amount (step 210), and execution returns to the main pro-
gram.

When automated connection 1s successful, and moreover
the number of consecutive failures which is the value of the
counter Cf 1s less than the preset value “2”, the current
position 1s stored (step 209), and the wire feed rate for the
next automated connection 1s set to one stage faster (step
210).

In order to execute the next automated connection, the
workpiece W 1s positioned at the next through-hole position,
and on reading an automated connection instruction from the
program, the processor 11 judges whether the stored position
coincides with the current position or not (step 201). If
machining of the same shape 1s to be continued, the stored
position and the current position coincide, and so the wire
feed rate is set to one stage faster (step 202). In this case, the
wire feed rate has already been set one stage faster 1n step
210, so that the rate 1s set two stages faster. If the number of
consecutive failures which 1s the value of Cf 1s equal to or
orcater than the set value, or 1f connection succeeds 1n a state
where connection failure had once occurred and the wire
feed rate has been set one stage slower, the current position
is not stored (step 209 is not executed), and so even when
machining of the same shape 1s continued, step 202 1s not
executed, so that the wire feed rate 1s not set one stage faster.

Subsequently, the processing of the previously described
steps 203, 204 and 205 1s performed; when a connection
fallure occurs, the counter Cf which stores the number of
consecutive connection failures is incremented by 1 (step
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213), the wire feed rate 1s set to one stage slower (reduced
by a prescribed amount), and the wire electrode feed device
24 1s driven at this rate; at the same time, an automated
connection instruction is outputted (step 215), and a con-
nection success/failure signal from the automated connec-
tion device 23 is awaited (step 216).

When a connection success/failure signal 1s inputted, a
judgment 1s made as to whether the value of the counter Cs
which counts the number of consecutive connection suc-
cesses 1s equal to or greater than a set value (in FIG. 5§, “27)
or not (step 217), and if equal to or greater than the set value,
the wire feed rate is set to one stage faster (step 218), but if
the set value 1s not reached, the wire feed rate remains in the
level as set one stage slower 1n step 214. After clearing the
counter Cs (step 219), execution returns to the main pro-
gram.

A method may also be employed 1n which, 1f 1n step 216
the connection success/failure signal indicates connection
failure, execution proceeds to step 219, and 1f the connection
1s successiul, execution proceeds to step 217; and when the
value of the counter Cs 1s equal to or greater than the set
value “2”, 1 step 218 the wire feed rate 1s set to slightly
faster than the first stage (for example, midway between the
first stage and the second stage). In other words, the wire
feed rate 1s mcreased by 1.5 times the prescribed value. By
this means, from a wire feed rate set one stage slower 1n step
214, the rate 1s finally set to a half stage faster. In this case,
if the value of the counter Cs has not reached the set value,
the wire feed rate may be left at one stage slower as in step
214, or may be raised by one stage, returning the rate to the
original rate.

Subsequently, the processing of the previously described
steps beginning with 201 is performed each time an auto-
mated connection instruction 1s read from the machining
program; 1f a connection failure occurs at the first connec-
tion 1nstruction, and when a connection success occurs 1n a
state where the value of the counter Cf which counts the
number of connection failures has reached the set value (2)
or higher, the value of the counter Cf 1s judged to be equal
to or greater than the set value (2) in step 207, and so
execution proceeds from step 207 to step 211 and the counter
Cf 1s cleared, and 1n addition the wire feed rate 1s made faster
by a half stage. That 1s, the wire feed rate 1s set to a rate
increased by 0.5 times the prescribed amount (step 212).

In this second embodiment also, each time connection
success occurs the wire feed rate during the next automated
connection 1s increased by one stage (increased by the
prescribed amount); however, when connection successes
occur consecutively, the wire feed rate may be increased by
orcater than one stage. For example, 1n the next step after
step 208 a judgment may be performed as to whether the
value of the counter Cs which counts the number of con-
nection successes 1s equal to or greater than the set value (for
example, “2”), and if equal to or greater than the set value,
the wire feed rate may be set to 1.5 stages faster.

Third Embodiment

FIG. 6 1s a flowchart of automated connection processing,
in a third embodiment of the invention. In this third
embodiment, as in the machining examples of FIG. 2 and
FIG. 3, a case 15 considered 1n which a plurality of machin-
ing shapes are rough-machined in sequence, and then finish
machining 1s performed; when a wire electrode 1s again
passed through the same through-hole H and connected, if
the wire connection succeeded the previous time, the wire
electrode 1s fed at a wire feed rate faster than the previous
wire feed rate.
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In this case, as shown 1n FIG. 8, a table T1 which stores
through-hole position i1nformation, wire feed rate stage
information, and connection success/failure information, 1s
provided 1n memory 12.

When the workpiece W 1s positioned at a through-hole
position and an automated connection instruction 1s read
from the machining program, the processor 11 initiates the
processing of FIG. 6. First the table T1 1s read, and a
judgment 1s made as to whether or not the current position
1s stored 1n the through-hole positions of the table. If the
current position 1s not stored, the wire electrode connection
for the through-hole 1s the first connection, execution pro-
ceeds to step 303, and an automated connection instruction
1s outputted to the automated connection device 23; in
addition, the wire electrode feed device 24 1s driven at the
nitially set wire feed rate.

When the connection success/failure signal sent from the
automated connection device 23 indicates successtul con-
nection (step 304), the position of the through-hole is stored
in the table T1, and in addition the stage information for the
wire feed rate during connection 1s stored, and an “0”
indicating success 1s stored 1n the connection success/failure
column. In this step 3035, during processing performed when
the wire electrode 1s 1nitially passed through the through-
hole and connected, current position information as well as
an “0” indicating that the wire feed rate 1s the set value and
an “0” indicating connection success are stored.

On the other hand, when the connection success/failure
signal sent 1in step 304 indicates connection failure, execu-
fion proceeds to step 310, and current position 1nformation,
an “0” indicating that the wire feed rate stage 1s the set value,
and a “1” indicating connection failure, are stored in the
table T1. In order to reduce the wire feed rate by one stage,
the wire feed rate stage in the table T1 1s set to a value
decreased by 1 from the currently stored value (step 311).
That 1s, the wire feed rate 1s slowed by one stage, and the
wire electrode feed device 24 1s driven at this wire feed rate;
in addition, an automated connection instruction is outputted
to the automated connection device 23 (step 312).

Execution waits until a connection success/failure signal
is received from the automated connection device 23 (step
313), the wire feed rate stage information in the table T1 1s
incremented by 1, the rate 1s returned to the original rate
(step 314), and execution returns to the main program. If the
connection 1s successiul, machining of the machining shape
1s performed; if the connection fails, no machining of the
machined shape 1s performed, and positioning at the position
of the next through-hole 1s performed.

In this way, when the wire electrode 1s initially passed
through a through-hole and connected, the processing of
steps 301 to 304 is performed, and 1f the connection 1is
successiul the processing of step 305 1s performed, but 1f the
connection 1s a failure the processing of steps 310 to 314 1s
performed, and execution returns to the main program. In a
state 1n which automated connection processing has been
performed once for all the through-holes, wire feed rate
stage mnformation and connection success/failure mforma-
fion are stored for the through-hole position information in
the table T1. FIG. 8 shows an example in which there are
four through-holes such as in FIG. 2.

When passing the wire electrode again through a through-
hole and connecting the wire to perform finish machining as
shown 1 FIG. 3, after connection processing has been
performed once for all the through-holes, the processing of
FIG. 6 1s initiated according to an automated connection
instruction, as the through-hole position has been stored in
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the table T1l. When the table T1 1s read, as through-hole
position information coinciding with the current position 1s
present, execution proceeds from steps 301 and 302 to step
306, success/failure information stored for the previous
connections attempted at the through-hole position 1s read.
If the previous connection was successiul, the wire feed rate
stage information is incremented by 1 and set (step 307). If
the previous connection failed, on the other hand, the wire
feed rate stage information is decremented by 1 and set (step
315). A value equal to the wire feed rate stage information
value stored in the table T1 multiplied by a prescribed
amount 1s added to the currently set wire feed rate, the result
1s used as the wire feed rate for the current automated
connection. And, the wire electrode feed device 24 1s driven,
and a connection instruction 1s outputted to the automated
connection device 23 (step 308). As a result, if the previous
connection attempt was successiul the wire feed rate 1is
increased by one stage (a prescribed amount), and if the
previous connection attempt failed the rate 1s decreased by
one stage (a prescribed amount).

If the connection success/failure signal sent from the
automated connection device 23 indicates connection suc-
cess (step 309), execution proceeds to step 305. If connec-
tion fails, on the other hand, execution proceeds to step 310.
In this case, since the through-hole position has already been
stored 1n the table T1, and moreover the wire feed rate stage
information has been updated 1n step 307 or step 315, only
the connection success 1nformation 1s overwritten 1n step
305. Further, only the connection failure information 1s
overwritten 1n step 310. When connection failure occurs, the
processing of the above-described steps 311 to 314 1s
performed, and execution returns to the main program.

In this way, when the wire electrode 1s passed through the
same through-hole and connected, the wire feed rate is
increased or decreased according to the success or failure of
the previous connection attempt when performing connec-
fion processing, so that the time required for connection
processing 1s shortened and the connection success rate can
be 1mproved.

Fourth Embodiment

FIG. 7 1s a flowchart of automated connection processing,
in a fourth embodiment of the invention. This fourth
embodiment 1s similar to the third embodiment shown 1n
FIG. 6; when performing wire connection a plurality of
fimes through the same through-hole, on performing con-
nection the second and subsequent times, the wire feed rate
1s determined based on the success/failure results 1n the past
plurality of connection attempts.

In the case of this fourth embodiment, a table T2 such as
shown 1n FIG. 9 1s provided in the memory 12. This table T2
differs from the table T1 used 1n the third embodiment 1n that
information on connection successes and failures 1s divided
into a plurality of past attempts. In the example shown 1n
FIG. 9, connection success/failure mformation for the past
three attempts can be stored; when a still greater number of
connection attempts are performed for the same through-
hole, the connection success/failure information columns in
the table T2 are shifted, so that the connection success/
failure 1nformation for the most recent three attempts is
always stored.

In this fourth embodiment, the wire feed rate 1s decided
based on connection success/failure information for the past
three attempts, so that the processing in FIG. 7 and the
processing 1n FIG. 6 differ only 1n that the steps 307 and 315
in FIG. 6 are the steps 407 and 415 1n FIG. 7; otherwise the

processing 1s the same. That 1s, the processing of steps 401
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to 406 1n FIG. 7 and the processing of steps 301 to 306 1n
FIG. 6 are the same, and the processing of steps 408 to 414

in FIG. 7 1s the same as the processing of steps 308 to 314
in FIG. 6.

When wire connection 1s performed the second and
subsequent times for the same through-hole, if the connec-
tion succeeded 1n the previous attempt, execution proceeds
to steps 401, 402 and 407, and in step 407 the extent of
increase of the wire feed rate 1s changed based on the past
connection success/faillure mmformation. If connection suc-
cesses continue, the amount of rate increase 1s made larger,
and 1if failures continue, but the previous attempt was
successiul, the amount of wire feed rate increase 1s made
small. For example, a weighting of 0.5 may be assigned to
past connection successes, and the value obtained by adding
1 to the result of multiplying the number of successes 1n the
past two or three connection attempts by 0.5 may be used as
the current automated connection wire feed rate stage,
without using mformation on success 1n the previous con-
nection attempt.

For example, 1f two connection successes are stored for
the past second and third attempts, then 1+0.5x2=2 1s added
to the currently stored wire feed stage information, and the
result 1s set. And, if one connection success 1s stored for the
past second and third attempts, then 1+0.5x1=1.5, or if no
connection successes are stored for the past second and third
attempts, then 14+0.5x0=1, 1s added to the wire feed rate
stage information, and the result 1s set.

If the previous connection attempt results 1n connection
failure, the processing of step 415 1s performed, and the
amount by which the wire feed rate 1s reduced 1s decided
based on the past second and third connection success/
failure information. Here a weighting of 0.5 1s applied to
past connection successes, for example, and the value result-
ing by subtracting 1 from the result of multiplying the past
second and third connection successes by 0.5 1s added to the
currently stored wire feed rate stage information. If not even
one connection success 1s stored as the past second or third
connection attempt, “-1" 1s added; if one success 1s stored,
0.5x1-1=-0.5 1s added; and 1if two connection successes are
stored, 0.5x2-1=0 1s added and the wire feed rate stage
information 1s not changed.

Thus, after the wire feed rate stage information 1s updated
in step 407 or step 415, the value obtained by multiplying
this wire feed rate stage information by a prescribed amount
1s added to the initially set wire feed rate, and the result 1s
used as a wire electrode feed rate during the current auto-
mated connection, and the wire electrode feed device 24 1s
driven at this wire feed rate; in addition, an automated
connection instruction 1s outputted to the automated con-
nection device 23, and automated connection operation 1s
executed (step 408).

Subsequently, the processing of steps 409 to 414, which
1s 1dentical to that of steps 309 to 314 1n FIG. 6, 1s executed,
and execution then returns to the main program.

Because 1n this invention the wire feed rate during auto-
mated connection 1s adjusted based on past automated
connection success/failure information, the wire connection
time can be shortened, and the connection success rate can
be 1mproved.

What 1s claimed 1s:

1. Wire electric discharge machine, comprising:

an automated connection device, which performs auto-
mated connection of a wire electrode with respect to a
wire through-hole, and judges whether the wire auto-
mated connection has succeeded or not; and,
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means for increasing by a prescribed amount the wire feed

rate during the next connection when the wire connec-

tion in the previous automated connection attempt has

succeeded, and for causing automated connection to be
performed.

2. The wire electric discharge machine according to claim

1, wherein the amount of increase of said wire feed rate 1s

adjusted according to the result of judgment 1n a past

plurality of wire connection attempts by said automated

connection device.

3. The wire electric discharge machine according to claim
1, wherein the amount of 1ncrease of said wire feed rate 1s
different according to whether the next connection position
1s the same position as, or a different position from, the
previous wire connection position.

4. The wire electric discharge machine according to claim
1, wherein, when the previous judgment result 1s wire
connection failure, the wire feed rate for the next wire
connection attempt 1s decreased.

5. The wire electric discharge machine according to claim
4, wherein the amount of decrease of said wire feed rate 1s
adjusted according to the result of judgment 1n a past
plurality of wire connection attempts by said automated
connection device.

6. The wire electric discharge machine according to claim
4, wherein the amount of decrease of said wire feed rate 1s
different according to whether the next connection position
1s the same position as, or a different position from, the
previous wire connection position.
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7. Wire electric discharge machine, comprising:

an automated connection device, which performs auto-
mated connection of a wire electrode with respect to a
wire through-hole, and judges whether the wire auto-
mated connection has succeeded;

storage means for storing wire feed rate information
during wire connection at a through-hole and wire
connection judgment result information, 1n correspon-
dence with through-hole position information; and,

means for increasing by a prescribed amount the wire feed
rate during the next connection when the previous
judgment result for the same through-hole indicates
successtul wire connection.

8. The wire electric discharge machine according to claim
7, wherein the amount of increase of said wire feed rate 1s
adjusted according to the result of judgment 1 a past
plurality of wire connection attempts by said automated
connection device, stored 1n said storage means.

9. The wire electric discharge machine according to claim
7, wherein, when the previous judgment result 1s wire
connection failure, the wire feed rate for the next wire
connection attempt 1s decreased.

10. The wire electric discharge machine according to
claim 9, wherein the amount of decrease of said wire feed
rate 1s adjusted according to the result of judgment 1n a past
plurality of wire connection attempts by said automated
connection device.
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